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,QWKHFDVHRI(J\SWDQDULGFRXQWU\ZLWKDQLQFUHDVLQJSRSXODWLRQWKDWLVFRQFHQWUDWHGLQWKH1LOH9DOOH\DQG'HOWD






DV UHXVLQJJUD\ZDWHU IRUQRQSRWDEOHSXUSRVHV7RDYRLG WKHSUREOHPVRIFRVWO\ LQIUDVWUXFWXUHVHZDJHDQGZDWHU
































7KH WUHDWPHQW DQG UHXVH RI JUD\ZDWHU KDVPDQ\ EHQHILWV VXFK DV VDYLQJ IUHVKZDWHU UHVRXUFHV LUULJDWLRQ RI

















































HQHUJ\IRU WKH WUHDWPHQWSURFHVVHV 81(3SURWHFWLQJYLWDOHFRV\VWHPVVXFKDVULYHUVDQG ODNHVSURYLGLQJ
ZLOGOLIHKDELWDWFUHDWLQJJUHHQDUHDVDQGHOLPLQDWLQJWKHXVHRIFKHPLFDOSURGXFWV6RFLDOEHQHILWVLQFOXGHLQWHJUDWLRQ
LQ WKH GHVLJQ RI EXLOGLQJV DQG ODQGVFDSH OHDGLQJ WR VRFLHW\ LQWHUDFWLRQ ZLWK ZDVWHZDWHU WUHDWPHQW LQFUHDVLQJ
DZDUHQHVVDQGHGXFDWLRQDERXWZDWHUSUREOHPVSURYLGLQJJUHDWSXEOLFVSDFHVDWORZFRVWVVXFKDVRXWGRRUOXQFKWLPH
DUHDVPDNLQJWKHPIDYRUDEO\YLHZHGE\WKHJHQHUDOSXEOLFDQGUHJXODWRU\DJHQFLHV(FRQRPLF%HQHILWVLQFOXGHOHVV
FRQVWUXFWLRQ RSHUDWLQJ DQGPDLQWHQDQFH FRVWV&RQVWUXFWLRQ FRVWV DUH WKH FRVWV RI D FRQYHQWLRQDOZDVWHZDWHU
WUHDWPHQWSODQW::73ZKLOHPDLQWHQDQFHFRVWVDUHRI::737KH\DUHPRUHGXUDEOHDVWKH\KDYHQRRU
IHZPRYLQJSDUWVUHVXOWLQJLQORQJHUOLIHF\FOHVRIDERXW\HDUVPLQLPXP1HOVRQ
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$OLIHF\FOHDVVHVVPHQW/&$ZDVFRQGXFWHGWRFRPSDUHD&:V\VWHPDQGDQDFWLYDWHGVOXGJHSURFHVV7KHVWXG\
LQFOXGHG WKH SURGXFWLRQ RI FRPSRQHQWV HTXLSPHQW DQG DFFHVVRULHV FRQVWUXFWLRQ DQG DVVHPEO\ RSHUDWLRQ DQG
PDLQWHQDQFHDQGGLVPDQWOLQJDQGILQDOGLVSRVDORIWKHZDVWHZDWHUWUHDWPHQWFRPSRQHQWV7KHWZRWUHDWPHQWV\VWHPV
XVHGLQWKHVWXG\DUH&:VLQ6SDLQDQGDQDFWLYDWHGVOXGJHV\VWHPLQ3RUWXJDO)LJXUHVKRZVWKHFRQWULEXWLRQRIOLIH
F\FOHSKDVHV FRQVWUXFWLRQRSHUDWLRQDQGPDLQWHQDQFHGLVPDQWOLQJDQG ILQDOGLVSRVDO IRU WKH WZRV\VWHPV&:V
SURYLGH DQ RYHUDOO OHVV FRQWULEXWLRQ LQ WKH WKUHH SKDVHV 7KH DFWLYDWHG VOXGJH PHWKRG WKHUHIRUH KDV D KLJKHU











610   Z. ElZein et al. /  Procedia Environmental Sciences  34 ( 2016 )  605 – 617 
DOVRVWXGLHGWRVKRZWKHFRQYHQLHQFHRIXVLQJ&:VLQWKHORFDOFOLPDWHDQGWKHHIILFLHQF\RIZDVWHZDWHUWUHDWPHQW
XQGHUVXFKFRQGLWLRQV





KHFWDUH KD QHLJKERUKRRGZLWK D SRSXODWLRQ RI  LQKDELWDQWV DSSUR[  UHVLGHQWLDO XQLWV LQ WKH FLW\ RI








(DFK FOXVWHU KDV D FHQWUDO FRXUW\DUG VXUURXQGHG E\ IRXU EXLOGLQJ JURXSV 7KH FRQFHSW RI PL[HGXVH ZDV
LPSOHPHQWHG WR SURYLGH DOO DPHQLWLHV LQ D ZDONLQJ GLVWDQFH RI HYHU\ UHVLGHQW DQG FUHDWLQJ D GHFHQWUDOL]HG
























$ FRPPXQLW\EDVHG ZDVWHZDWHU WUHDWPHQW V\VWHP LQ 1HSDO ZDV FRQVWUXFWHG LQ  LQ 6XQJD 7KH V\VWHP










WUHDWPHQWSODQW DJUHHG WRXVH VRPHSRUWLRQRI WKH WUHDWHGZDVWHZDWHUHIIOXHQW IRU WRLOHW IOXVKLQJDQGFOHDQLQJ WKH












EHQHILW LV WKH DWWHQWLRQ UHFHLYHG IURP GLIIHUHQW QDWLRQDO DQG LQWHUQDWLRQDO YLVLWRUV SROLF\ PDNHUV UHVHDUFKHUV
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7KHWUHDWPHQWV\VWHPLVIXOO\RSHUDWHGDQGWKHWUHDWHGZDWHULVUHXVHGIRULUULJDWLQJ(XFDO\SWXVWUHHVWKDWDUHXVHG
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ERGLHV DV WKH WUHDWHG ZDWHU FRXOG EH GLVFKDUJHG VDIHO\ ,Q DGGLWLRQ WR WKHPDQ\ EHQHILWV RI &:V DVPHQWLRQHG
SUHYLRXVO\
&RQFOXVLRQ
7KH XVH RI &:V IRU ZDVWHZDWHU WUHDWPHQW LQ FRPPXQLWLHV LV SURYHG WR EH D VXVWDLQDEOH DSSURDFK IRU LWV
HQYLURQPHQWDOHFRQRPLFDQGVRFLDOEHQHILWV&:VDUHFRQYHQLHQWHVSHFLDOO\IRUGHYHORSLQJFRXQWULHVZKHUHEXLOGLQJ
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DQDULGFRXQWU\WKHFRXUW\DUGFOXVWHUDSSURDFKLQWKHXUEDQIRUPVXLWVWKHFOLPDWHZKLOHSURYLGLQJWKHSRWHQWLDORI
GLVWULEXWLRQRIFRQVWUXFWHGZHWODQGVRYHUWKHFRPPXQLW\WKXVGHFUHDVLQJWKHFRVWVRISLSLQJZDWHUOHDNDJHDQGHQHUJ\




FRQVHUYDWLRQUHXVHDQG WKHULVLQJZDWHUVFDUFLW\ LVVXHVZDWHUVXEVLGL]DWLRQVKRXOGEHUHGXFHG WRHQFRXUDJHPRUH
UDWLRQDOZDWHUXVHDQGQHZODZVDQGUHJXODWLRQVVKRXOGEHVHWWRSURKLELWWKHXVHRISRWDEOHZDWHUIRUQRQSRWDEOH
SXUSRVHV&:VVKRXOGEHFRQVLGHUHGHDUO\LQWKHGHVLJQSURFHVVWRSURYLGHDQLQWHJUDWHGGHVLJQDQGWREHXVHGDVD
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,QWHUQDWLRQDO:DWHU7HFKQRORJ\&RQIHUHQFH,:7&6KDUP(O6KHLNK(J\SW
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